


TABLE OF CONTENTS 

IV.) 

v.1 

VI.) 

V I I  . ) 
VIII . ) 

INTRODUCTION ................................................. 1 

....................................... METHODS AND PROCEDURES 2 

......................... DISCUSSION OF THE 1964 SMOLT PROJECT 6 

A.) Dates of Sampling. Interruptions in Sampling Due to Ice. ................. Water Temperatures, Climatological Data 6 

B.) Calibration of Photo-Electric Counters .................. 11 
. C.) Interpolation and Total Smolt Index .................... 17 

........ D. ) Numbers. Length and Weight of Smolt by Age Group 23 

......................... ANALYSIS AND DISCUSSION OF PAST DATA 23 

S m Y  ...................................................... 4.0 
.................... RECOMPIENDATIONS FOR FUTURE SMOLT PROJECTS 42 

................................................. BIBLIOGRAPHY 43 



1964 KVICHAK RIVER' R E D  SALMON COncorhvnchus nerlca) SMOLT STUDIES 

Steven Pennoyer, Fishery Biologist 
Melvin C. Seibel ,  S t a t i s t i c i a n  
Division of Biological Research 

Alaslca Department of Fish and Game 
Juneau, Alaslca 

I. ) INTRODUCTION 

The s i z e  of the red salmon (Oncorhynchus nerka) runs returning t o  the  - 
Kvichak River i s  extremely variable. Since 1956 the  re turns  t o  t he  Kvichak 
have varied from a low of- 562,219 f i s h  i n  1963 t o  a high of 22,606,500 f i s h  
i n  1960. It is  obvious t h a t ,  i n  order t o  properly manage the  f i shery  on a 
run exhibi t ing so much s i z e  var ia t ion  from year t o  year, some s o r t  of fore-  
knowledge or   re diction of t o t a l  re tu rn  i s  necessary. Also necessary i s  a 
knowledge of  the  fac tors  causing t h i s  cycl ic  var ia t ion and what t h e i r  e f f e c t s  
a r e  on the  red salmon production fron escapements of various s izes ,  The 
Kvichak River smolt outmigration pro jec t  i s  desigiled t o  provide an index of 
the  r e l a t i v e  yearly abundance of red  salmon smolt leaving Lzke Iliamna. The 
project  a l so  provides data on age and s i z e  of the  smolt. These data a re  used 
i n  predic t ing the  s i ze  of fu ture  adul t  r e tu rns  t o  the  Icvichak and a l so  add 
t o  our knowledge of the  l i f e  h i s to ry  of red salmon i n  Lake Iliamna, 

I n  1955, the  Fisher ies  Research I n s t i t u t e  of the University of Washing- 
ton  i n i t i a t e d  the  smolt outmigration study a s  pa r t  of t h e i r  optimum escapement 
s tudies  of the  Kvichak River red salmon run. From 1955 t o  1960 the  smolt 
project  was under the s ~ ~ g e r v i s i o n  of the  Fisher ies  Research In s t i t u t e .  I n  
1961 the  Division of Cornrncrcial Fisheries,  Alaska Department of Fish and Game, 
conducted the  program and i n  1962 Fisheries Research I n s t i t u t e  conducted the  
smolt s tudies  under contract t o  the  Alaska Department of Fish and Game, The 
Division of Biological Research, ADFGLG, was responsible fo r  t he  supervision 
of the  Kvichak smolt project  i n  both 1963 and 1964, The Commercial Fisher ies  
Division provided the  temporary personnel and mater ia l  and supervised the  
i n i t i a l  i n s t a l l a t i on ,  

The 1964 outmigrants were the  progeny of the  1961 and 1962 parent escape- 
ments. Of spec ia l  i n t e r e s t  were the  Age I1 ( f i sh  t h a t  have spent two winters 
ir. the lake) outmigrants frbm the  1961 parent escapement. (Refer t o  Figure 8.) 
Parent escapements by year and adult re tu rn  from 1956 and 1957 and parent 
escapementsfor 1960 and 1961 a re  given below: 

Parent Escapement Adult fie t u rn  Parent Escapement 

The 1956 productinn of 3.5 returning adul ts  per  spawner as  compared t o  
the  1957 production of  1.2 returning adul ts  per  spawner caused speculation 
t h a t  the  poor proih~ction from 1957 was due t o  competition i n  the  lake of t he  



progeny of tKe 1957 escapement with the  progeny of the large  1956 escapement. 
This l e d  t o  the hypothesis t h a t  it might be wasteful t o  allow more than a 
token escapement i n  years following a peak year. Since the  re la t ionship  
between the  1960 and 1961 escapements was analagous t o  the  1956 and 1957 
escapements, the  smolt outmigration i n  1964 was of spec ia l  i n t e r e s t .  Only 
3 . 4  24-hour index points  of Age I ( f i sh  t h a t  have spent one winter i n  the  
lake) smolt from the  1961 escapement were captured i n  1963. 

In  view of pas t  var ia t ions  between ac tua l  re turns  and predict ions based 
on the smolt indices ,  it was decided t h a t  t h i s  report  should incorporate a 
review and analys is  of pas t  smolt data. 

Data and information from pas t  repor ts  on the  Kvichak smolt programs i s  
used i n  t h i s  repor t  without footnote reference, A l i s t  of these repor ts  is 
given i n  t he  bibliography, 

11,) METHODS AND PROCEDURES 

The smolt indices,  i n  order t o  be comparable, must be obtained i n  a s  
much the  same way as  possible from year t o  year. During the  f i r s t  years of 
t h i s  study, it was f e l t  t h a t  the majority of the  smolt mggrated during t he  
darker night-time hours. Sampling throughout the  day indicated t h a t  the  
l a rges t  outmigration occurred Zuring the  3-hour period 2200-0100, This period 
was ca l led  the  "index period" and sampling was r e s t r i c t e d  t o  t h i s  time. More 
recent  s tudies  have indicated t h a t  the  index period alone does not adequately 
sample the  outmigration and hence 24-hour sampling has been ca r r i ed  on since 
1962. A standard index f i sh ing  s i t e  has been chosen approximately four miles 
downstream from the  ou t l e t  of Lake Iliamna (Figure 1 ) .  There is  a bend i n  
the  r i v e r  a t  t h i s  point  with a deep channel on one s ide  and a sloping gravel  
bar on the other. A minor secondary channel leaves the  main r i v e r  j u s t  above 
the  smolt s i t e  and passes downriver on the  s ide  of the  i s land  opposite the  
smolt s i t e .  A sir,gle fyke net with a four-foot square frame is f i shed  a t  t h i s  
s i t e .  The wings of the  net  a r e  spread t o  f i s h  a nine-foot wide sect ion of the  
r iver .  The ne t  i s  f i shed  a t  a depth of 3 f e e t  8 inches t o  3 f e e t  10 inches. 
This depth is kept constant by moving the  ne t  up and down the  gravel  bar  during 
the  course of the  season a s  water l eve l s  f luctuate .  Once the  migration has 
begun, the  ne t  is  f i shed  as  much a s  possible on a 24-hour per day basis ,  

Smolt a re  e i t he r  captured i n  a removable bag o r  "cod end" at tached t o  the  
end of the  net  funnel or  counted by means of photo-electric counters. The 
cod end is used mainly during periods of low migration o r  when it is  necessary 
t o  be able t o  quickly remove the  ne t  from the  r i v e r  because of i c e  f l oe s  from 
Lake Iliamna, The cod end i s  per iodical ly  ra i sed  and the  smolt removed, If 
the catch is  under two pounds of smolt, they a re  counted individually;  catches 
of over two pounds a re  weighed and the  t o t a l  catch estimated by counting t he  
number of smolt i n  a random one-pound sample and multiplying t h i s  number by 
the  t o t a l  number of pounds i n  the  catch. 

The photo-electr ic  cuunter system consis ts  of two Veeder-Root Ser ies  A- 
150707 e lect ronic  counters, a heavy duty 12-volt  bat tery ,  a Heathkit Model 
No, MP-10 power converter and photo-heads mounted i n  a metal tunnel  which can 
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be attached t o  the net  funnel i n  the  same place the  cod end usually occupies. 
A schematic diagram of the  above apparatus is  shown i n  Figure 2. The photo- 
head is  made up of two l i g h t  sources and two corresponding photo-electric 
c e l l s  mounted on opposite s ides  of the  tunnel. Each s e t  ( c e l l  plus l i gh t )  is 
wired t o  a separate e lect ronic  counter which r eg i s t e r s  the  number of times 
the  l i g h t  beam i s  broken by smolt passing through the  tunnel. One s e t  measures 
smolt passage i n  the  upper ha l f  of the  tunnel and a second s e t  measures the  
smolt passag& i n  the  lower ha l f  of the  tunnel. Approximately one i n  every 
seven smolt passing through the  tunnel are regis tered,  however, s ince t h i s  
proportion var ies ,  it i s  necessary t o  ca l ib ra te  the  photo-electric counter 
several  times each day, This i s  accomplished by at taching the  cod end t o  the 
photo-electric counter tunnel and recording the  number of smolt caught per 
count, 

The use of photo-electric counters has g rea t ly  f a c i l i t a t e d  the  ind.exing 
of large  smolt outmigrations, The f i s h  do not have t o  be handled except 
daning ca l ib ra t ion  periods which reduces the  mor ta l i t i es  normally incurred 
whon handling large numbers of f i s h  manually with the  cod end. The photo- 
e l e c t r i c  counters a l so  f a c i l i t a t e  24-hour indexing as long periods can be 
counted without continuously r a i s ing  and lowering the  cod encl, weighing smolt, 
e t c ,  thus decreasing the  required n-mber of personnel. 

Smolt lengths were obtained by taking a random one-pound sample from 
catches during the  index hours, 2200-0100, each day a r e l a t i ve ly  large migra- 
t i on  occurred, The f i s h  i n  t h i s  sample were anaesthetized with MS-222 
(Tricaine Methanesulphonate) and measured l ive .  Some samgles were a l so  taken 
from catches obtained outside the  3-hour index period, 

Several times during the  course of the  season, a random two-pound sample 
of smolt was taken from the  3-hour index period catches t o  obtain average 
weights of the  smolt. These smolt were anaestlletized i n  MS-222. The f i s h  
were then measured fo r  length and placed i n  separate p l a s t i c  boxes according 
t o  length (each box represented a 3-millimeter length group) up t o  a maximum 
of t en  smolt per ~ G X .  The boxes were covered t o  prevent evaporation and a 
wire screen was placed i n  each box t o  hold t he  fish. off the  bottom and allow 
them t o  drain, Each container was weighed wtkh f i s h  and again with the  f i s h  
rernoved. The difference between the two weights gave the  weight of the  f i s h  
and t h i s  weight, when divided by the  number of f i s h  i n  the  container, gave 
the  average weight per f i s h  i n  t he  3-millimeter groupTng. These da i ly  weights 
and lengths were l a t e r  weighted by t h e i r  respective dai ly  index catches t o  
obtain average lengths and weights fo r  the season. 

There a re  normally only two age c lasses  of smolt encountered i n  t he  
Icvichak system, viz,  Age I: and Age I1 smolt, The Age I1 smolt are  generally 
l a rger  than the  Age I f i s h  and the  majority of the  f i s h  can be separated 
according t o  age on t h i s  basis ,  There is, however, some overlap i n  s i z e  
between the  la rger  Age I f i s h  and the  smaller Age I1 f i s h .  The approximate 
point  of separation i s  determined by aging scales  taken f l -m  measured f i s h  
per iodical ly  during the  course of the  migration, 

Weather observations were made twice daily during the  course of the  out- 
migration. Water temperatures were taken twice dai ly  neap the  lake outlei: a t  
the  scow s i t e  and during the  index h o u ~ s  a t  the  index s i t e .  



Fhoco- F-lcad FTnit; 
a 

B 
a 

qhals~e 1 .* - -. I 

U1 

I 

w i  ~ ~ , I 1 a - " - Y I * * I Z V *  

IWX-.CI-IIII-a I(-I * - -..- *aIU I*Fp -*- -9- 

1 
P 

/ 

God End Attachens  Ring 



111.) DISCUSSION OF THE 1964 SMOLT PROJECT 

A.) Dates of Sampling, Interruptions Due t o  Ice, Water Temperatures and 
Climatological Data 

Personnel, equipment and supplies were flown t o  the  f i e l d  camp a t  
Igiugig on May 18. Personnel consisted of two permanent b io log is t s  and th ree  
biological  aides. Fishing was begun on May 1 9  and was continued every day 
(unless i c e  flow prevented sampling) u n t i l  midnight on June 22 a t  which time 
catches indicated t h a t  the major pa r t  of t he  outmigration had passed t he  s i t e .  

Each spring, cluring the  l a t t e r  pa r t  of May and/or the  f i r s t  p a r t  of June, 
i c e  f l oe s  move down the  Kvichak Xiver from Lake I l i a m a .  A s  seen from Figure 1 
the  smolt s i t e  i s  near the ou t l e t  of the  lake and hence there  is  l i t t l e  
d iss ipat ion of ice between the  ou t l e t  and the  smolt s i t e .  Ice  flow pas t  the  
smolt s i t e  ranges from occasional small i ce  chunks t o  i c e  f l o e s  t h a t  cover 
the  en-tire r iver .  A quiclc re lease  mechanism has been used t o  a t tach the  fyke 
net  b r id l e  ropes t o  the  anchor ropes. This allows the  fyke net  t o  be quickly 
released when i c e  f l oe s  endanger t he  ne t ,  thus minimizing tile l o s s  of f i sh ing  
t h e  and damage t o  the  fyke net  equipment. It is impossible t o  operate t he  
fyke net during the  periocls of extremely heavy i ce  flow. 

A summary of interference i n  sampling due t o  ice  flow i s  given i n  Table 1. 
Although i c e  in terrupted index-period sampling during eleven days, heavy 
sno l t  outmigration occurred during only three  of these days, viz.  6/3-4, 5-6, 
and 8-9. For two of the  three  days, a t  l e a s t  p a r t i a l  sampling was possible,  
however t h e  e n t i r e  index period was missed on 6/8-9. Ice flow i n  the  r i v e r  
completely prevented f i sh ing  on 6/12-13. 

Figure 3 shows the  water temperature ( i n  degrees fahrenheit) taken during 
the  index period (2200-0100) a t  the  smolt s i t e  during t he  196Q season, I f  
d i f fe ren t  temperatures were obtained during a s ingle  index period, the  
ari thmetic average was determined and used t o  represent the t empera-Lure f o r  
t h a t  index period. Kerns and Marriott  (1963) have noted thilt on the  bas i s  
of pas t  data,  subs tan t ia l  outmigrations of smolt d id  not occur u n t i l  a f t e r  
the  water temperature reached 3h°F. This was substant ia ted again i n  1964 
a s  appreciable migration did not occur u n t i l  a f t e r  June 1 a t  which time the  
water temperature was 33'~. After June 1, water temperatures did not f a l l  
below 36OF. 

Table 2 shows the  beginning date of peak outmigration and the  correspond- 
ing water temperatures f o r  each year since 1955. Water terperz tures  a t  t he  
beginning of peak octmigrai"ion have varied from 36' t o  4 5 ' ~ ~  indicat ing t h a t  
f ac to r s  other than t he  water temperatures a re  a l so  in f luenc ia l  i n  causing the  
smolt t o  leave the  lake and move i n t o  the r iver .  This i s  fu r ther  substant ia t -  
ed by the  f a c t  t h a t  i n  1964 water temperatures rose  t o  37OF on May 26 and d id  
not f a l l  below 3 6 O ~  a f t e r  May 26, however very l i t t l e  outmigration occurred 
from May 26 t o  May 31. 

General cl imatological  and r i v e r  observation data taken during t he  1964 
seson is given i n  Table 3. 



Table 1 

Date - 
5/29 -3 0 

6/2 -3 

IkJTERRUPTIOHS I N  SI'IOLT SIQ~PLING DUE TO ICE FL0T.J 
Kvickal: River, 19 64 

Time Missed During 
Index Periad Comments 

2200-2252 Very few smolt migrating, 

Ice  %low i n t e r r u p t e d  pre-index 
pe r iod  f i sh ing.  

&ginning of peak outmigration. Ice 
in te r rup ted  pre-index f ishing.  

Peak outmigration. Ice i n t e r r u p t e d  
post-index per iod  f i sh ing ,  

I4issed e n t i r e  day, Peak migrat ion 
l eve l ing  of F, 

Ice i n t e r r u p t e d  post-index f i sh ing .  

Subs tan t i a l  migra-tion, but peak passed. 



WXTEK TEMYEUTUMS* DURING RED SAL,NON SPI8LT QU'PP.IIGMTLQN 
Kvichak River, 1964 

F i r s t  indication o f  

>&,. - hats% Pcmgrerateres eakcn at index s i t e  
& a i r : ,  index peziod, 2200-018@, 

Braken 1f.uze.s i rtdl.cate missing data, 



Table 2 

Year - 
19 55 

19 56 

19 57 

19 58 

19 59 

1960 

1961 

1962 

1963 

19 64 

DATES AND WATER TEMPERATURES AT BEGINNING 
OF PEAK SMOLT OUDIIGRATIONS 

Kvichak River, 1955-64 

3eginning D a t e  09 
Peak Outmimation 

June 4 

June 1 

Flay 28 

May 2 2  

May 26 

June 1 

\later Temperatures i n  
Degrees Fahrenheit 



Date - 

Table 3 
1/ 

CLIMATOLOGICAL AND RIVER OBSERVATIONS- 
Kvichak River, 1964 

A i r  Temp. 
Max. Min. - - 
- .. 2 4 ' ~  
- - 32 
46 31 
38 2 6 
4-4 22 
5 2 34 
42 34 
50 32 
54 2 7 
64 32 
56 26 
60 2 7 
7 2  30 
7 9 32 
80 34 
6 9 33 
53 36 
72 36 
70 34 
70 34 
70 32 
54 2 7 
6 2 36 
64 3 3 
64 3 c!- 
65 35 
7 1  37 
70 35 

I'Jater Temp. 
Max. Min. - - 

River Level 
In  Inches 

1 / Observations were taken approximately 1/2 mile below the  ou t l e t  of - 
Lake Iliamna a t  the scow s i t e ,  

2 / The water guage was or ig ina l ly  s e t  with the water l eve l  a t  3 inches, --. 
A fixed bench mark is s i t ua t ed  a t  the  scow s i t e  and the  water l e v e l  
measured with respect  t o  the  bench mark provides a bas i s  of comparison 
f o r  d i f fe ren t  years, 



B.) Calibrat ion of the  Photo-Electric Counters 

The photo-electric counters were ca l ib ra ted  during a period of seven 
days, from June 5 through June 11, with peak outmigration occurring from 
June 4 through June 9 ,  The majority of the  cal ibraf ions  were obtained during 
the  index period 2200-0100, with a t o t a l  of 67 separate ca l ib ra t ions  being 
taken. The basic ca l ib ra t ion  data is given i n  Table 4. 

Calibrat ing the  photo-electr ic  counters consisted of determining the  
r a t i o  of the  number of smolt pa s s i r e  through the  fyke ne t  t o  the  counts 
indicated by the photo-electric counters. The fyke ne t ,  with the  photo- 
e l e c t r i c  counter and cod end at tached was f ished u n t i l  200 counts (dming 
periods of heavy outmigration t h i s  was sometimes larger)  were obtained, a t  
which time t he  cod end was removed and the  number of smolt determined. The 
smolt i n  a one-pound sample were counted and t h i s  number was rilultiplied by 
the  t o t a l  number of pounds i n  the  catch t o  obtain the  number of sl3olt 
corresponding t o  t he  200 counts on t he  photo-electr ic  counter. Table 4 shows 
t h a t  t h i s  r a t i o  of smolts per count varied da i ly  from 5.08 t o  8.19 smolt per  
count with a geometric mean of 6 - 3 6  smolt per  count. (The individual  counts 
ranged from 4-34 t o  1 2 , l C  smalt per  count.) 

The var ia t ion i n  the  r a t i o s  of srnolt t o  photo-electr ic  comt  was due i n  
p a r t  t o  sampling var ia t ions  an6 var ia t ions  caused by changes i n  t he  power 
source ( the 12-volt wet c e l l  bat tery) .  It was apparent t h a t  t he  eff ic iency 
of the  counters decrease6 when the  charge on the ba t te ry  dropped below a 
ce r t a in  level .  The ba t t e r i e s  were charged dai ly  t o  correct  t h i s  problem as  
much a s  possible,  

There was no apparent re la t ionship  between the r a t i o s  of smolt per  count 
and the  time of the  season during which these counts were obtained, Kerns 
and Marriott  (1963) found def in i te  changes i n  counter ef f ic iency during 
d i f fe ren t  periods of t he  1962 smolt season. Since t h i s  phenomena was not 
apparent i n  1964, and since one "day" was considered -to be the  period from 
1 2 : O O  noon of one day t o  1 2 : O O  noon the  followfng day f o r  t he  purpose of 
c a l c ~ l a t i n g  "daily" smolt catches, t he  geometric mean of t he  r a t i o s  (smolt 
per  count) of the  two consecutive days was used. For example, the  geometric 
mean of t h e  r a t i o s  f o r  June 7 and June 8 was used t o  expand the  photo-electr ic  
counts f o r  the  "day" from noon June 7 t o  noon June 8. If r a t i o s  were not 
available fo r  days when the  counters were used, t he  seasonal average of 6 .36  
smolt per  count was used. 

In  order t o  determzne whether the eff iciency (measured i n  terms of smolt 
per  count) of the  photo-electr ic  counter i s  sens i t ive  t o  changes i n  passage 
r a t e  (measured i n  terms o f  smolt per  minute passing through the  fyke ne t ) ,  the  
passage r a t e  data was analyzed i n  two d i f fe ren t  ways. F i r s t ,  a l l  of the  
ca l ib ra t ion  data was grouped and l i n e a r  regression methods were applied, using 
smolt per minute a s  the  independent variable and counts per minute as t he  
dependent variable,  The corre la t ion coeff ic ient  r = 0.94 represents a highly 
( i - e ,  99% level)  l i n e a r  corre la t ion between the  smolt per  minute and the 
counts per minute. Since a l i n e a r  re la t ionship  between these two var iables  
i n  the  form of a l i n e  passing through the  or ig in  tvould indicate  t h a t  the  
photo-electric counter i s  insens i t ive  t o  changes in passage r a t e  ( i .e ,  Coubl- 
ing t he  number of smolt passing through the  countex> each minute would double 



TABLE 4. 1964 KtJZCFfAK SMOLT PI-IOTOCOUNTER CALIBRATIOX? DATA 

Fishing F i s h  Per Total Counts Per Fish Per Fish Per D a i l y  TotaLsi 
Date Time Set  T i m e  Weight Pound Fish Counts Min, x lon1 Minute Count CFish/CCount 

22.2 lb. 41  
23 -0 4 2 
29 .O 41  
28.8 40 
30,2 38 
26.2 YO 
23.8 4 2 
21.4 $2 
21-2 4 1 
19 -8  5 0 

1.13 
7.49 
29.85 
29.85 
7.27 
9.62 
LO. 00 
4.52 
1.60 
3.47 



TABLE 4. 

Date T ime  S e t  
Fish ing  F i sh  Per Total Counts Per Fish Per  F i s h  P e r  Dai ly  T o t a l s  

Time Weight Pound Fish Counts Min. x lom1 Minute Count CFish/CCount 

2.57 21.8 47 1025 200 7.78 398.8 5.12 
0.42 19.3 U6 888 200 47.62 2114.3 ; 4.44 
4.08 19.2 5 1  9 79 200 4.90 240.0 4.70 
1.50 21.0 47 9 87 200 13.33 658.0 4.96 
6.60 28.8 47 1354 200 3.03 205.2 6.77 
7.03 32.0 49 156 8 200 2.84 223 .O 7.84 
1.05 50.4 46 2318 2 10 20.00 2207.6 11.04 
2.28 39.2 45 1764 200 8.77 773.7 8.82 
1.28 36.2 4 1  1484 200 15.62 1159.4 7.42 
5.30 39.2 4 7 1342 200 3.77 347.5 9.21 

13.63 21.4 44 9 42 200 1.47 69.1 4.71 
6.90 20.5 5 1  1046 200 2.90 151.6 5-23 
5.30 23.0 5 1  1173 200 3.77 221.3 5.86 
3.43 25.2 47 1184 200 5.83 345.2 5.9 2 
6.80 22.6 49 1107 2 00 2.94 162.8 5.53 
7.60 26.2 52 1362 200 2.63 179.2 6.81 
6.17 26.8 47 1260 200 3.24 204.2 6.30 
6.10 26.8 49 13 13 200 3.28 215.2 6.56 
3.25 27.5 4 1  1128 200 6 . 15 347.1 5.64 



the  counts per  minute), the  hypothesis t h a t  the l i n e  does pass through the  
or ig in  was tes ted.  A t e s t  employing the  F - s t a t i s t i c  indicated a re ject ion 
of the hypothesis. General l i nea r  regression produced the  l i n e  

where X = smolt per  minute passing through the  fylce ne t ,  
Y = phqto-electric counts per minute. 

The bas ic  2ata and the  l i n e  given by Equation (1) are  p lo t ted  i n  
Figure 4. 

The f a c t  t h a t  Equation (1) does not pass through the  o r ig in  indicates  
a change i n  the  eff ic iency of the  counters a s  the  passage r a t e  changes. This 
i s  fur ther  substant ia ted by a second method of analysis .  To minimize varia-  
t i ons  i n  counter ef f ic iency due t o  var ia t ions  i n  power source, external  
temperatures and weather, etc. ,  the  ca l ib ra t ion  data was grouped as  shown 
i n  Table 5 below. 

Table 5 

LIlJEAR CORRELATION BETWEEN SPIOLT PER COUNT 
M E  SEOLT PER MINUTE FOR PHOTO-ELECTRIC COUNTERS 

Kvichak River, 1954 

Time o f  
Calibrat ion 

Correlation Level of Linear 
Coefficient - Correlation 

0001-0055 0.762 Significant  a-t 9 5% Level 

0.945 Signif icant  a t  99% Level 

0,359 Not Signif icant  a t  95% Level 

0.862 Signif icant  a t  9 9% Level 

0.767 Signif icant  a t  99% Level 

0.113 Not Signif icant  a t  95% Level 

The data f o r  each of these periods i s  p lo t ted  i n  Figme 5 by ploet ing 
smolt per  count against  smolt per  minute. Since a l i nea r  r e l a t i on  was 
apparent f o r  a t  l e a s t  several  of the  groups, the  l i n e a r  corre la t ion coeff ic ient  
was cletermined f o r  each s e t  of data with the  r e s u l t s  being given i n  Table 5 .  
For those periods f o r  which s ign i f ican t  l i nea r  corre la t ion was indicated,  t he  
l i nea r  regression l i n e  w a s  determined and is a l so  shown i n  Figure 5. 

This analysis  indicates  t h a t  a s  the  passage r a t e  ( i .e .  smolt per minute) 
increases the  number of smolt per  count reg i s te red  by the  photo-electric 
counter increases,  2 . 2 ,  the  counter ef f ic iency decreases, In 1964 it was 
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f e l t  t h a t  because of the  small var ia t ions  observed (note the  small slopes of 
the  l i n e s  i n  Figure 51, dai ly  averages of smolt per  count would produce 
suff ic ient  accuracy, however i n  years of very large  outmigration the  above 
r e s u l t s  may become mow important. It  nay be t h a t  t h i s  phenomena does not 
occur every year, i n  f a c t ,  cursory examinatinn of the  1962 and 1963 data 
indicates  t h a t  t h i s  l i n e a r  re la t ionship  between passage r a t e  and counter 
eff iciency did not occur (as was the case f o r  the t h i r d  and s ix th  periods 
of Table 5). . In  t h i s  case, as  ~qhen very small changes i n  counter ef f ic iency 
occur, no refinement i n  treatment beyond the use of dai ly  averages i s  
w a r r a ~ t e  d, 

C.) In terpola t ion and Total  Smolt Index 

In  order t o  obtain estimates of t o t a l  24-hour smolt catches, it was 
necessary t o  in terpola te  f o r  periods during which the  fyke net  was not fished. 
Interruptions i n  f i sh ing  were due t o  i c e  flow, changes i n  water l e v e l  which 
necessi tated changing the  posi t ion of the  fyke ne t ,  adjustments or  repa i r s  
on the  equipment, cleaning the  fyke ne t ,  e tc ,  Because of the  r e l a t i v e l y  few 
smolt migrating during daytime periods (except during peak migration), it 
was f e l t  t h a t  part-time sampling during these periods was suf f ic ien t .  
Catches during these f r ac t i ona l  periods were then expanded t o  the  e n t i r e  period, 

The noon t o  noon days were divided i n t o  f i v e  periods, 1200-2200, 2200- 
2300, 2300-2400, 0000-0100 and 0100-1200, with the  three  hourly periods. 
being combined t o  form the  index period, Smolt catches i n  1964 a r e  given i n  
Table 6 ,  

Two basic  types of in terpola t ion were used, F i r s t ,  i f  any p a r t  of one 
of the f i v e  periods lis-Ced above was Fished, the catch during t h i s  period 
was expanded by d i rec t  proportion t o  obtain the  catch f o r  the  e n t i r e  period, 
A second type of in terpola t ion was used i f  no pa r t  of a period was f ished,  
Catch f igures  ob-tained fo r  these periods are shown i n  parenthesis  i n  Table 6. 
The following comments explain the  methods of in terpola t ion used. 

1,) The zero catches given t o  missing periods were chosen f o r  conserva- 
t i v e  estimates as  v i sua l  observations of catches i n  periods adjacent t o  
.the missing period indicated t h a t  f i s h  migrating during the  missing 
periods did not subs tan t ia l ly  add t o  the  t o t a l  1964 catch. 

2 , )  If one of the  th ree  dai ly  in6ex hours was missed, t h e  average catch 
of the other two index hours was used, 

3 . )  I f  e i t he r  of the  two periods 1200-2200 or  0100-1200 were missing and 
the  catches f o r  .the sane period on the  preceding and following days were 
available,  then the  average catch of these periods was used f o r  t he  
missing period, 

4,) The r a t i o  of the  2300-2400 catch on 5 / 3 4  t o  the catch f o r  the  
same period on G/4-5 was used t o  determine the  catches f o r  the  index 
hours 2200-2300 and 0000-0100 on 6 / 3 4  Erom the  corresponding index 
hour catches on 6/4-5. 



TABLE 6. 1964 I<VICHEJ( RIVER SMOLT DATA 

Index T o t a l  Accumulative 
Date 1200-2200 2200-2300 2300-0000 0000-0100 2200-0100 0100-1200 T o t a l  Tot a 1  
5/19 -2 0 0 0 0 0 0 0 0 0 

20-21 (0) Y (2) 1 3 (6) 2 2 (2.8) 28 
21-22 (0) 1 0 1 2 (0) C 2) 30' 
22-23 0 0 0 2 2 (0) (2) 32 
23-24 (0) 0 0 5 5 ( 0) (5) 37 
24-25 0 0 3 4 7 ( 0) (7) 44 
25-26 0 0 0 13 13 66 7 9 123 
26-2 7 0 3 0 8 I1 11 2 2 1Y5 
27-28 0 0 2 3 8 3 1  (0) (3 1) 176 
28-29 5 0 0 3 3 (0) (8) 184 
29-30 (2) 75 7 2 1 148 (0) (150) 334 
30-31 0 0 35 5 40 (0) (40) 3 74 

5/31-6/1 0 0 S 0 255 335 66 40 1 775 
6/ 1-2 2 0 170 144 3 1 4  (1763) (2079) 2854 

2 -3 772 426 11,527 3089 15,042 3460 19,274 22,128 
3-4 0 (1806) 68GO (1266) (9952) (25,952) (35,904) 58,032 
4-5 9192 21,887 83,405 15,345 120,637 48,444 178,273 236,305 I 

5-6 72,498 (5314) (105,596) 123,630 (231-!, 510) 47,612 (354,620) 590,925 !z 
6 -7 147,237 2756 51-1.,764 64,101 121,621 51,172 320,030 910,955 1 
7-8 246,19 5 14,572 33,216 49,209 97,003 21,752 364,953 1,275,908 
8-9 (133,764) (7391) (17,524) (26,348) (51,263) (36,926) (221,953) 1,497,861 
9 -10 21,330 204 183 3 3486 5523 52,099 78,952 1,576,813 
10-11. 27,452 (47 03) (5086) (67761 (16,565) (57,667) (101,684) 1,678,497 
11-12  (24,391) (9202) 23 40 10,065 (27,607) 63,235 115,233 1,793,730 
12-13 (13,216) (466 2) (4264) (5182) (1LI-,lo 8) (32,740) (60,064) 1,853,794 
13 -14 (2040) (122) (189) 3 00 (611) (2244) (4295) 1,858,689 
14-15 439 0 3053 4706 7486 15,245 36,289 55,924 1,914,613 
15-16 (219 5) 16,628 4182 (10,405) (31,215) (28,076) (6l9Y86) 1,976,099 
16-17 0 (7430) 8820 6039 (22,289) 19,862 42,151 2,018,250 
17-18 785 (1885) 3 512 252 (5655) (18,529) (24,969) 2,043,219 
18-19 (392) 8 414 16 2 584 17,196 (18,172) 2,061,391 
19 -2 0 0 19 110 10 139 ( 0) (139) 2,061,530 
20-21 ( 0) 2 9 1 5 35 (0) (35) 2,061,565 
21-22 (0) (7) 0 14 (21) (0) C21) 2,061,586 

TOTALS 705,361 102,191 3 54,759 333,592 79 0,542 565,183 2,061,586 2,061,586 

1/ Figures  appearing i n  parenthesis have been estimated a s  part o r  a l l  of t he  period was not sampled. - 



5 .) The r a t i o  of t h e  0000-0100 catch on 6/5-6 t o  t h e  ca t&  f o r  t h e  
same period on 6/6-7 was used t o  6etermine t he  catches f o r  t he  index 
hours 2200-2300 and 2300-2400 on 6 /54  from the  corresponding index 
hour catches on 6/6-7. 

6 , )  Since t he  e n t i r e  day 6/8-9 was missed, average catches f o r  t he  
periods on 6/7-8 and 6/9-10 were used t o  obtain catches f o r  correspond- 
i ng  periods on 6/8-9. 

7,) Index hour catches on 6/10-11 were obtained by averaging t he  
catches from t h e  corresponding hours on 6/9-10 and 6/11-12. The catch 
f o r  t h e  per iod 1200-2200 on 6/11-12 was obtained by averaging catches 
f o r  t he  same period on 6/9-10 and 6/10-11. 

8.) The r a t i o  of the 0000-0100 catch on 6/13-14 t o  the  catch f o r  t he  
same hour on 6/14-15 was used t o  determine t h e  catches f o r  the  index 
hours 220'0-2300 and 2300-2400 on 6/13-14 from the  corresponding index 
hour catches on 6/14-15, The catches f o r  the  per iods  1200-2200 and 
0100-1200 were based on average smolt pe r  hour caught during t he  index 
period. 

9.) Catches f o r  periods on 6/12-13 were obtained from the averages 
of t h e  catches f o r  the  corresponding periods on 6/11-12 and 6/13-14. 

Visual  observati-ons of Table 6 indicated t h a t  the re  was no apparent 
re la t ionsh ip  between the  catches f o r  the  d i f f e r en t  periods. For t h i s  reason, 
t he  in te rpo la t ion  f o r  missing periods was no2 based on seasonal  r a t i o s  
between t he  catches of the  d i f f e r en t  periods, hut r a t he r  on r e l a t i v e  catches 
wi thin  t he  same day or ecrresponding catches f c r  preceding and following days. 

The index value assigned t o  a given snlolt outmigration i s  a representa-  
t i o n  of t he  r e l a t i v e  s i z e  of t he  yearly index catch and not an est imate of 
t o t a l  outmigrafion. The l a rge  smolt outnig-ration of 1958 was assigned the  
base value of 100 index points ,  I n  1958 the  3-hour index catch was 1,912,767 
smolts, making 19,  128 smolts equivalent t o  one 3-how index point.  The 
est imated 24-hour smolt catch i n  1958 was 3,333,953 sno l t s ,  making 33,340 
smolt equivalen-C t o  one 24-hour index point .  

The est imated da i ly  smolt catches have already been given i n  Table 6 .  
These da i l y  catches a re  p lo t t ed  i n  Figure 6. The 1964 outmigration peaked 
on 6/S-6, 6-7 and 7-8. Table 7 gives pas t  inclus ive  dates of sampling, 
length of sampling period,  dates of peak outmigration, length  of peak outmigra- 
t i o n  and t he  percent of the  t o t a l  outmigration which occurred during t he  
peak per iod of outmigration. Tota l  estiinated smolt catch f o r  the  3-hour 
pe r iod  2200-0100 was 790,542, whfle the  estimated 24-hour smolt catch w a s  
2,061,586. I n  terms of 24-hour index poin2s t h i s  i s  equivalent  t o  61.8 index 
points ,  The 3-hour index period catch was equivalent t o  LC1.3 3-hour index 
po in t s ,  The 3-hour index period catch pepresented 38% of t h e  t o t a l  24-hour 
catch. Since 1955, t h i s  percentage has var ied  from 25% t o  82% as shown i n  
Table 8. 



Figure 6 

RED SALMON §MOLT HYKE NET CATCHES BY DAY* 
Kvichak River, 1964 



Table 7 

DATES O F  SAMPLING MID PEAK PERIODS O F  RED SALMON SMOLT OUTMIGRATION 
ICvichak River, 19  55-64 

T o t a l  S w i n g  Period Period of Peak Outmigration 

Number Number Percent of 
Year - Date - of D a y s  Date - of Days Total Catch 

Averages 



Table 8 

PERCENT OF SMOLT OUTMIGRATION OCCURRING DURING INDEX HOURS (2200-0100) 
Kvichak River, 1955-G4 

Total  24-Hour Percent Outmigration 
Year - Outmigration &/ During Index Hours (2200-0100)- 

. - - - .  --  

Averages 1,471,056 61.4- 2/ 

1/ The methods used t o  expand the  3-hour index catches t o  24-hour - 
catches f o r  the  years 1955, 1956, 1959, 1960 and 1961 a re  
explained i n  Table 11. 

2/ Mote t h a t  the  average 61.4% migration during the  index hours is - 
probably high as the  percent f o r  three  of the four years showing 
82.3% w a s  based on the  f a c t  t h a t  82.3% of the  smolt i n  1957 
migrated during the  index hours. Sampling was not on a 24-hour 
basis  f o r  the  years 1955, 1956, 1959, 1960 and 1961. 



D.) Numbers, .Length and I'Jeight of Smolt by Age Group 

Examination of smoPi scales col lected during the outmigration indicated 
tha t  slnolt 95 millimeters and l e s s  were Age I f i s h ,  while those over 95 
millimeters i n  length were Age I1 f i sh .  The seasonal weighted length f r e -  
quency graph i n  Figure 7 shows t h i s  division, 

Length frequency samples were weighted by t h e i r  corresponding period 
catches t o  obfain the  number of smolt i n  each millimeter grouping. These 
dai ly  f igures were i n  tu rn  suvmed t o  y ie ld  a seasonal t o t a l  f o r  each m i l l i -  
meter grouping, This data i s  given i n  Table 9 and graphed i n  Figure 7. 
Using the  95 millimeter dividing point the  calculated 24-hour seasonal catch 
of Age I and Age I1 f i s h  was 458,122 and 1,603,464 smolts respectively. 
Similarly, the  3-hour index period catch of Age I and Age 11 smolt was 175,674 
(22,22%) and 614,868 (77,78%) respectively, 

During the  ear ly  p a r t  of the  seasor,, the Age I1 smolt composed most, i f  
not a l l ,  of the  dai ly  outmigration, Toward the  l a t t e r  p a r t  of the  season, 
more Age I smolt began t o  appear, with 86% of  the  outmigration f o r  t h e  period 
6/15-17 being Age I smolt, The ~ e r c e n t  of Age I1 smolt i n  the  da i ly  migration 
is shown i n  F i g w e  8 ,  Whereas the  Age 11 smolt migration peaked on 6/7-8, 
the  Age I migra-tion d i d  not pealc u n t i l  the  period 6/l0-14, 

Average length fo r  each age group was obtained by summing (over the  
appropriate millimeter groupings) the  prod.ucts of The number of smolt i n  
each millimeter grouping and the  length of the  f lsf; i n  t h a t  grouping and 
dividing t h i s  sum by the  t o t a l  ntanher of smolt in the appropriate age class, 
The average length of Age I srnol-t was 86-65 millimeters and average length of 
Age I1 smolt was 107,51 millimeters, 

During the  course of the  season, 13 samples were talcen t o  uetermine the  
average weight of smolt per three millimeter grouping, These samples were 
weighted according t o  the  t o t a l  index catch for the  period they represented. 
These weighted averages were again weighted by r e l a t i ve  number of smolt: i n  
e a c h ,  millimeter grouping t o  obtain the  average weight of Age I and Age 11 
s o t  Age I smolt had an average weight of 5.2 and Age I1 smolt 
averaged 9.8 grams, 

Avera.ge length and weight data obtained from red salmon smolt i n  the  
Kvichak system since 1955 is  summarized i n  Figure 9 ,  

3 J o )  t'WALYSIS AND DISCUSSION OF PAST DATA 

It is  generally agreed tha t ,  because of the  wide va r i ab i l i t y  of migration 
occurring outside the  3-hour index period (2200-0100), a 24-hour smolt index 
w i l l  provide a more accurate indication of r e l a t i ve  smolt abundance, however, 
only f i ve  years (see Table 11) of ac tua l  24-hour sampling i s  available,  
Therefore, t o  uTil ize the  ten-year s e r i e s  of smolt data t h a t  has been col lected 
since 1955, f o r  the  present it w i l l  be necessary t o  base much of our analysis  
on the  3-hour indices, In the p a s t ,  mudl confusion has resu l ted  from the  
f a c t  t h a t  the  basic def ini t ions  of the  3-hour and the  24-hour index points  
do not agree, Eotk the  3 -ho~:-r. and the  24-hour in?.ex point  were defined on the  





TABLE 9.. RED SADION SMOLT IEIGHTED LENGTH FREQUENCY DISTRIBUTION 
BY AGE CLASS, KVICHAK RIVER, 1964 

One Check Two Check 

Length Length 
mm. Number mm . Number 

Total  

Average length - 86.65 mm, 

Total  

Average length - 107.81 mm. 



Figure 8 



* I n  terms of thrwe-hour Zildex catch. Weigl~ts and lengths are seasonal averages. 



bas i s  of t he  1958 smolt catch equaling 100 index points.  This meant t h a t  one 
3-hour index point  was equal t o  19,128 smolt whereas one 24-hour index point  
was equal t o  33,340 smolt, 

To f a c i l i t a t e  comparison of the  3-hour and 24-hour indices (as well  a s  
the  3-hour and 24-hour smolt catches) without rever t ing back t o  the  o r ig ina l  
smolt catches, a s ing le  def in i t ion  of an index point  i s  given here, Henceforth, 
one index poi'ht i s  e q u a l &  33,340 smolt, Note t ha t  t h i s  i s  the  o r ig ina l ly  -- 
defined 24-hour index point ,  (The 1958 24-hour smolt catch of 3,333,953 smolt 
represents 100 index points ,)  A readjusted s e r i e s  of 3-liour smolt indices has 
been calcula ted by merely dividing pas t  3-hour (2200-0100) smolt catches by 
33,340. Tables LO and 11 present a l l  pa s t  data i n  terms of smolt catches and 
index points  f o r  the  3-hour and 24-hour periods respectively.  

The introduction t o  t h i s  repor t  s t a t ed  t h a t  the  Kvichak smolt p ro jec t  
was i n i t i a t e d  t o  evaluate the  r e l a t i v e  smolt production from various s ized  
escapements and t o  study red salmon l i f e  h is tory ,  In addition, the  smolt 
indices of abundance obtained i n  t h i s  s-tudy have been used t o  p red ic t  adul t  
re turns  since they have yielded b e t t e r  r e s u l t s  than the  escapement-return 
relat ionships.  However, the  long range goal  of t h i s  study should be a more 
complete understanding of cycle mechanisms and t h e i r  implications i n  managing 
the  escapement t o  obtain maximuin yie ld ,  

- 
Production s tudies  i n  the  Kvichak may be log ica l ly  divided i n t o  th ree  

stages: 1.) Production of f r y  from eggs, 2.) production of smolt from f ry ,  
and 3,) production of adul ts  from smolt, Simply regulat ing escapement t o  
produce t he  most f r y  may not r e s u l t  i n  the  maximum production of smolt i f  
there  a re  na tura l  limits on the  food available t o  these f r y  i n  t he  lalce, If 
such limits e x i s t ,  they should be r e f l ec t ed  i n  reduced smolt s i z e  with increas- 
ed parent escapements. This type of progression would mean t h a t  i f  a ce r t a in  
l e v e l  of f r y  density i s  exceeded, a reduction i n  growth would r e s u l t  from which 
la rge  mor ta l i t i e s  i n  the  lake and/or i n  the  ocean could be incurred. Therefore, 
production of maximum numbers of smolt may not be a good measure of t he  success 
of escapement s i z e  regulat ion i f  these smolt a re  small and suf fe r  proportion- 
a t e l y  higher ocean mor ta l i t i e s ,  I n  other words, our smolt s tudies  should f i r s t  
determine t he  number of smolt produced from various s ized escapements, 
secondly i f  growth i s  r e l a t ed  t o  number of f r y  (or smolt), and t h i r d l y  i f  the  
s i z e  of the  smolts i s  r e l a t ed  t o  survival  i n  the  ocean, I f  de f in i t e  re la t ion-  
ships e x i s t  between these  variables,  and can be determined, it may be possible 
t o  regula te  escapement s i z e s  t o  maximize the  yield.  

A fu r ther  complication is  t h a t  f r y  may leave the  lake as  e i t he r  Age I o r  
Age I1 smolt, The r e l a t i v e  production of adul ts  from a given escapement may 
vary depending on the  age of the  smolts produced. In  addition, the  age of 
smolts produced may be dependent on some fac tor  such as escapement s i z e  which 
can be controlled, 

Generally the  number of spawning adul t  sockeye salmon bears a poor 
re la t ionship  t o  the  number of returning adult  salmon, This i s  due i n  p a r t  t o  
variable spawning, hatching and nursery conditions, variable freshwater and 
ocean mortal i ty,  and i n  the  case of the  Br i s to l  Bay sockeye, the  variable 
e f f ec t  of a high seas  f ishery,  By obtaining a measure of t he  production from 



TABLE 10. KVICHAK RIVER 3 -HOUR SPIOLT CATCHES, 19 55-1964 

3 - H o u r  Index Catches 
Year of Age I Age I1 T o t a l  

1/ 
Total- 

Outmigration Number Percent Number Percent Number 3-Hour Index 

Ten-Year 
Averages 254,757 4 2 426,874 58 681,631 20.4 

l/ One Index Poin t  = 33,3110 smolt - 



TABLE 11. KVIWAIC RIVER 24-HOUR SMOLT CATCHES, 1955-1964 

24-Hour Index Catches 

Year of Age I Age I1 Total  Total- l/' 
Outmigration Number ~c rcen tL /  CJmber Percent Number 24-Hour Index 

1955 18,198 7 2L!-1,7SO 9 3 (259,975)L' 7.8 

Ten-Year 
Averages 521,365 42 949,691 58 1,471,056 44.1 

1/ One index point  = 33,340 smolt * 

2/ Numbers of Age I and Age I1 f i s h  derived from rounded off season - 
percentages except i n  1963 and 1964 when rounded percentages were 
derived from numbers of smolts obtained by weighting length f r e -  
quency d i s t r i bu t ion  by dai ly  catches, 

3/ 24-hour index catch estimated by r a t i o s  with years of ac tua l  24-hour - 
f i sh ing  from v isua l  observations of smolt migration outside the  three- 
hour index period. 

4/ 24-hour index catch estimated from r a t i o s  with t he  three-hour index - 
period catch obtained during only t w o  days of ac tual  24-hour f ishing.  



a given escapement a t  a l a t e r  point  i n  the  l i f e  cycle, such as  a t  the  smolt 
s tage,  some of these variable mor ta l i t i e s  (viz. those which occur i n  fresh- 
water) can be prevented from af fec t ing  a predict ion of adult  return.  

Foerster (1954) found a s ign i f ican t  negative l i nea r  cor re la t ion  between 
the  numbers of smolt and the percent re tu rn  of adul ts ,  the  corre la t ion being 
almost en t i r e ly  due t o  the  s ize  of the smolt, The negative corre la t ion indic- 
a t e s  t h a t  as  t h e  number of smolt increases t he  percent re tu rn  of adul ts  
decreases. Furthermore, average length of the  sn~olt- was b e t t e r  corre la ted 
t o  the  percentage of adult  r e tu rn  than was the  average weight of the  smolt, 
even though there  was more year t o  year var ia t ion i n  t he  weights than the  
lengths. Linear regression methods have been applied t o  length and weight of 
smolt, smolt indices,  number of returning adul ts  and percentage re tu rn  of 
adul ts  fo r  the  I(vicha1c system with the  r e s u l t s  being given i n  Table 12. Age I 
and Age I1 smolt data was analyzed separately. 

This analys is  indicates  a s ign i f ican t  inverse l i n e a r  re la t ionship  between 
both t he  length and weight of the Kvichalc smolt and the number of spawners i n  
the  parent escapement, with the  corre la t ion being be t t e r  f o r  Age II smolt 
than f o r  Age I smolt, Although the  length is  b e t t e r  corre la ted than the  
weight t o  the  parent escapement f o r  Age II smolt (consistent  with Foe r s t c r t s  
f indings),  the  opposite i s  t rue  fo r  Age I smolt, The f a c t  t h a t  the  s i z e  of 
the  smolt i s  degendent on the number of parent spawners, and hence the  number 
of f r y  competing i n  the system, indicates  t h a t  the food yroduction of t he  
Kvichak nursery areas is  not unlimited, Furthermore, it appears t h a t  the  
growth of Age I1 smolt i s  more density dependent than growth of Age I smolt, 

Whereas the Age I smolt have var ied i n  average length from 80 t o  96 
mil l imeters f o r  outmigrations (3-hour index catch) ranging from 15,000 t o  
1,875,000 smolt, the  Age 31 smolt average lengths have varied from 98 t o  
120 millimeters fo r  outnigrat ions ranging from 7,000 t o  1,594,000 smolt. 

I n  Figure 10 the  parent escapement and corresponding percent P4ge I1 smolt 
produced have been graphed f o r  the  years 1952-61. The graph of percent Age I1 
smolt produced by year r e f l e c t s  the  same f o u ~  year cycle ( fo r  1952-60) a s  the 
parent escapement, however it i s  one year out of phase with the  escapements. 
Thus the  peak years of percent Age I1 smolt production occur one year a f t e r  
the  peak escapements. 

Apparently, the  percent production of Age I1 smolt is  not en t i r e ly  
density dependent. On the bas is  of the peak years, the  opposite appears .to be 
t rue  as the f r y  of the pedc year p lus  one apparently encountered reduced food 
sunply ( resu l t ing  from the large  f r y  production of the  peak years) and there-  
fo re  held  over one more year i n  the  lalce t o  migrate as Age I1 smolt (of r e l a t -  
ive ly  small s i ze ) ,  However, the  19 55 parent escapement of 251,000 produced 
68% Age 11 smolt even though it followed escapements of 241,000 ( a e r i a l  survey) 
and 1,348,000 ( z e r i a l  survey) i n  1954 and 1953 respectively,  The same 
phenomena occurred i n  2359 although l e s s  pronounced than i n  1955. The 1959 
escapement of 680, 000 produced 4.6% Age XI smolt although it followed escapements 
of 535,000 and 2,965,000 i n  1958 and 1957 respectively. Thus it appears t h a t  
pa s t  competition i n  the  Lake i s  not the  only f ac to r  af fect ing t he  holdover of 
f r y  f o r  an addi t ional  year, 



TABLE 1 2  
RELATIONSHIP OF SIZE AND NUMBER OF SMOLT TO 

PARENT ESCAPEMENT AND ADULTS PRODUCED 
Kvichak River, 1952-64 

Correlation Degrees of Level of  Signifi-  
Variables Related Coefficient Freedom cant Correlation 

Note: The independent variable is  l i s t e d  f i r s t  and the dependent variable second, 

I ,)  Parent Escapement 
Age I Average Length -0.653 

2 ,) Parent Escapement 
Age I Average Weight 

3 .) Parent Escapement 
Age 11 Average Length 

4.) Parent Escapement 
Age I1 Average Weight 

5 ,) Age I 3-hr, Index 
Age I Average Length 

6 ,) Age I 3-hr, Index 
Age I Average Weight 

7 ,) Age I1 3-hr, Index 
Age I1 Average Length 

8,) Age I1 3-hr. Index 
Age I1 Average Weight 

9.) Age I 24-hr. Index 
Age I Average Length 

10 .) Age I 24-hr. Index 
Age I Average Weight 

11.) Age I1 24-hr. Index 
Age I1 Average Length 

12, )  Age I1 24-hr. Index 
Age I1 Average Weight 

13,) Age I Average Length 
Iieturn/ Age I Index Smolt 

14.) Age I Average Weight 
Return/ Age I Index Smolt 

15.) Age I Average Length 
Ln(Return/ -Age I Index Smolt) +O,OOS 

9 Greater than 95% 

Greater than 99% 

Greater than 95% 

Less than 95% 

1 t 

Greater than 99% 

T t  

Less than 95% 

Greater than 99% 

Less than 95% 



Table 1 2  (Continued - 1) 

Correlation Degrees of 
Variables Related Coefficient Freedom 

Level of Signif i -  
cant Correlation 

Less than 95% 

11 

16.) Age I Average Weight 
Ln(Return/Age I Index Smolt) +0.150 

17.) Age I1 Average Length 
Return/Age I1 Index Smolt +0.612 

18.) Age I1 Average Weight 
Return/Age I1 Index Srnolt +O .785 

19.) Age I1 Average Length 
Ln(Return/Age I1 Index Smolt) +0.824 Greater than 95% 

Less than 95% 
20.) Age I1 Average Weight 

Ln(Return/~ge I1 Index Smolt) 4-0.3 06 

21.) Age I Average Length 
Age I1 Average Length 
(Same Parent Year) 4-0.653 Greater than 95% 

22.) Age I Average Length 
Age I1 Average Length 
(Same Year of Migration) 90.260 Less than 95% 

23 .) Age I Average Weight 
Age I1 Average Weight 
(Same Parent Year) +C. 613 Less than 95% 

24.) Age I Average Weight 
Age I1 Average Weight 
(Same Year of Migration) +O. 843 Greater than 95% 

Less than 9 5% 
25.) Age I Smolt Index 

Return/Age I Index Smolt -0.518 

26.) Age I Smolt Index 
2-ocean ReturdAge I Index 
Srnolt (19 58 omitted) -0.538 

27 .) Age I Smolt Index 
3-ocean Return/Age I Index 
Smolt (19 58 omitted) -0.351 

28.) Age I Smolt Index 
Number of Returning 
A G u l t s  (1958 omitted) +O, 214 



Table 1 2  (Continued - 2) 

Correlation Degrees of Level of Signif i -  
Variables Related Coefficient Free dorn cant Correlation 

29,) Age I1 Smolt Index 
ReturdAge I1 Index Smolt -0,396 6 Less than 95% 

30,) Age I1 Smolt Index 
Ln(Return/Age I1 Index Smolt) -0.705 6 Less than 95% 
Note: The 95% l e v e l  of significance f o r  r with 6 degrees of 

freedom i s  -0,707. 

31.) Age I Index Plus Age I1 (Same 
Parent Year) Index 

Average Length of Age I 
Smolt (1958 omitted) -0.648 

3 2 .) Age I Index Tlus Age I1 (Same 
Parent Year) Index 

Average Length of Age I1 
Smolt (19 58 omitted) 

8 Greater than 95% 

e Greater than 99% 



Figure 10 

RED SAfMON PARENT ESCAPEMENT AND CORRESPONDING 
PERCENT AGE I1 SMOLT PKODLlCED 

Kvichak River, 1952-61 

Year of Pa.rent: Escapement 

I 



Although no apparent re la t ionship  ex i s t s  between the  parent escapement 
s i ze s  and the  percent of Age I1 smolt produced when a l l  of the  pas t  data is  
considered, the  peak years, viz.  1952, 1956 and 1960, r e f l e c t  a de f in i t e  
increase i n  percent of Age I1 smolt produced with increases i n  escapement s ize .  
Probably the most i n t e r e s t i ng  observation t o  be made from Figure 10 is  the  
r e l a t i ve ly  high 83% Age I1 smolt production from the  1960 parent escapement 
of 14.6 mil l ion as  compared t o  46% and 10% (approximated) Age II smolt r e su l t -  
ing from the  ekcapements of 9.4 and 6.0 mil l ion i n  1956 and 1952 respectively.  
The 1960 percent production of Age I1 smolt was The t h i r d  highest  s ince 1952. 
It appears t h a t  the  l e v e l  of f r y  production from the  1960 escapement was such 
t h a t  in t ra - spec i f ic  competition was su f f i c i en t  t o  cause the  f r y  t o  remain one 
more year i n  t h e  lake. (Both the  Age I and Age I1 smolt from the  1960 escape- 
ment were the  smallest s ince  1955.) The f a c t  t h a t  l a rge  percentages of Age I1 
smolt were produced from both the  peak escapement of 1960 and the  escapement 
of 1961 indicates  a re tu rn  t o  the  five-year cycle as  most of the  Kvichak smolt 
re tu rn  a f t e r  two years i n  the  ocean. Thus the  next peak year f o r  the  Kvichak 
run w i l l  be 1965. 

The s i z e  of the  Age I1 smolt i s  a l so  r e l a t ed  t o  the  r e l a t i v e  number of 
Age I1 smolt i n  the  outmigration. The most apparent difference which occurs 
when the  smolt index i s  subs t i tu ted  f o r  the  parent escaperrent as  the  independ- 
en-t: var iable ,  i s  the  non-significant corre la t ion between the  s i ze  of the  Age I 
smolt and the Age I srnolt index. This may r e s u l t  from the  f a c t  t h a t  t he  parent 
escapement is  a b e t t e r  indicat ion of the  nmber of f r y  (and hence in t ra - spec i f ic  
competition) i n  the  system as the  Age I index does not compensate f n r  the  f r y  
which hold over t o  migrate as  Age I f  smolt, but which were ac tua l ly  i n  competi- 
t i o n  with t he  Age I smolt. This i s  fur ther  indicated i n  t h a t  a s ign i f ican t  
cor re la t ion  is  indicated between the  t o t a l  number (Age I plus Age 11) of 
smolt produced from a parent escapement and the  average length of the  srnolt 
which migrate as  Age I f i s h ,  

The f a c t  t h a t  t he  Age I1 smolt s i z e  shows a b e t t e r  l i n e a r  cor re la t ion  t o  
the  Age I1 index than t o  the  parent escapement may r e s u l t  from the  f a c t  t h a t  
the  l a s t  year i n  freshwater may (and appears to)  be t he  most c r i t i c a l  period 
f o r  determining the  s i ze  of the  Age I1 smolt, If t h i s  is  ac tua l ly  the  case, 
then the  Age I1 index which measures the  abundance of only Age I1 smolt would 
be expected t o  be a be t t e r  indicator  of Age I1 smolt s i ze  then the parent 
escapement which ac tua l ly  indicates  t o t a l  smolt produced, i.e. Age I plus  Age I1 
smolt, This i s  fu r the r  indicated by the  f ac t  t h a t  the  Age I1 srnolt average 
length i s  b e t t e r  corre la ted t o  the  Age I1 index than t o  the  t o t a l  smolt (Age 1 
plus  Age 11) that were i n  competition i n  the  system. 

On the  bas i s  of t h i s  analysis ,  a b e t t e r  corre la t ion e x i s t s  between the  
average length of Age I and Age I1 smolt of the  same parent year, than f o r  
Age I and Age I1 smolt from the  same year of outmigration, This suggests t h a t  
competition between successive generations of f r y  i n  t he  lake i s  not a s  
s ign i f ican t  a s  competition between f i s h  of the  same generation. (This i s  
based primarly on analysis  using length ra ther  than weight of the smolt,) This 
would seem t o  indicate  t h a t  the  s i z e  of escapements i n  successive years is not 
a s  important t o  smolt production as  the  s ize  of the  escapement i n  a s ing le  year, 
This i s  fur ther  substant ia ted by r e f e r r i ng  t o  Table 13 from which it can be 
seen t h a t  1961 had the  best  r e l a t i v e  smolt productj-on of any brood year since 
the  cycle year of 1956 and the  t h i r d  bes t  of any brood year since the  smolt 



TABLE 13. PARENT ESCAPEMENT MTD CORRESPONDING SMOLT 
PRODUCTION, XVICHAI( RIVER, 1952-1964 

3-Hour Index Smolt 24-Hour Index Smolt 
Year of Escapement Per Spawner x l o 3  Per Spawner x l o3  
Spawning i n  thousands Age I Age I1 Tota l  T o t a l  

1952 6,000 --- 3 3 --- --- 

Averages 3,853 62 85 152 2GO 



Figure  11 

PRODUCTION CTJRVES RELATING PARENT ESCAPEFIENT TO TNDEX SMOLTS PRO13UCEI.l 
Ktiichalc Ri.ver , 1 9  53-65 

For graphing purposes, escapements l e s s  
were grouped 

+ 



project  was i n i t i a t e d  i n  1955. There is  no indicat ion t h a t  the  nursery 
area was overtaxed by the 3,706,000 escapement of 1961 even though it f o l -  
lowed an escapement of 14,630,000 i n  1960. 

Referring t o  Table 11 again it i s  noted t h a t  nesther the  Age I 
index nor the Age I smolt s i ze  is  s ign i f ican t ly  corre la ted t o  the  adul t  
r e tu rn  per Ags I index smolt or the  na tura l  logarithm of t h i s  variable. 
Although the  Age I1 smolt index, length or weight i s  not s ign i f ican t ly  
corre la ted t o  the  adul t  r e tu rn  per Age I1 index smolt, the  Age I1 smolt 
length and index are  corre la ted t o  the  na tura l  logarithm of the  adul t  r e tu rn  
per Age I1 index smolt. lhereas  increasing smolt length f o r  Age I1 smolt 
r e s u l t s  i n  higher r e l a t i ve  re turn  of  adul t  salmon, increasing the  number of 
Age I1 smolt migrating t o  sea decreases t he  r e l a t i ve  re tu rn  of acid-t salmon. 
This implies t h a t  the  length of Age 11 smolt a t  the  time of outmigration is  
an indicat ion oE a b i l i t y  t o  r e s i s t  estuarine and marine morta l i t ies .  The 
ra ther  poor overa l l  corre la t ion between the s i z e  and numbers of sno l t  and 
the r e l a t i v e  re tu rn  of adul t  salmon can probably be t raced  t o  t h e  v a r i a b i l i t y  
experienced i n  t he  smolt indices,  t he  varia3le estuarine and marine morta l i ty  
and the  var iable  e f f ec t  o f  a high seas f ishery ,  This is unfortunate a s  the  
accuracy of the  predict ions of returning adul ts  i s  adversely affected by 
these  v a r i a b i l i t i e s .  

An attempt was made t o  r e l a t e  the  parent escapements t o  the  smolts 
produced by means of a Ricker production curve of- the  form 

where S = smolts produced ( i n  terms of index smolt), 

E = parent escapement, 

a,b = constants t o  be determined, 

e = base f o r  na tura l  logarithms, 

In the  analysis ,  the constant b determined was negative, yielding a produc- 
t i o n  curve of t he  form 

with b' posit ive.  The curves produced using the  3-horn and 24-hour indices 
respectively are: 

S = 3 - 4 2  E e 0.036 E 
( 3 )  

S = 4.77 E e C.086 E 
( 4) 

with E given i n  mil l ions of f i s h  and S i n  terms of index points.  These equa- 
t ions  a r e  graphed i n  Figure (11). A theore t ica l  Ricker production curve has 
been sketched freehand -to comparc with the curves given by Equations (3)  and 
(4) - 



In  order t h a t  Equation (2) represent a standard Riclter production 
curve, b' must be negative. If b T  is  posi t ive ,  a s  is Equations (3) and ( q ) ,  
the  curve represented by Equation (2) does not have a maximum value f o r  S,  
i.e. increasing escapement r e s u l t  i n  increasing smolt productions, as  is 
evident from Figure (11). The en t i r e  production data available was grouped 
f o r  t h i s  analys is  as  there i s  insuf f ic ien t  data available t o  analyze produc- 
t i o n  data from the  sane r e l a t i ve  years of the  cycle (which would be a more 
l og i ca l  appr6ach t o  t h i s  problem assuming d i f f e r e n t i a l  production r a t e s  f o r  
the  d i f fe ren t  cycle years).  

On the  bas i s  of the  avai lable  data and measuring production i n  
terms of smolt produced per parent spawner (as opposed t o  adu l t  r e tu rn  per 
parent  spawner) it appears t h a t  reduced production resu l ted  from the  l a rge  
14.6 mil l ion escapement of 1960. The 1960 escapement produced -111 index 
smolt (3-hour) per spawner a s  compared t o  the  average production of ,152 index 
smolt per spawner f o r  the years 1953-61, Mowever, since the  1956 escapement 
of 9 -4 mill ion produced ,368 index smolt per  spawner, the  highest  production 
f o r  t he  same period, it appears tha-t the  opthum escapement ( i n  terms of 
optimum smolt production) f o r  a peak year i s  i n  the  range of 9-14 mil l ion 
spawners, A t  present it i s  d i f f i c u l t  t o  evaluate The ac tua l  production of 
the  1960 escapement a s  the  adult  re tu rn  w i l l  not  be complete u n t i l  1956, 
The large 1960 escapement nay actual ly  have been desirable from the  standpoint 
t h a t  it has resu l ted  i n  the  re tu rn  t o  a five-year cycle f o r  the  Xvichak red 
salmon run. 

V.) SUMMARY OF 1964 IWICHAK RIVER RED SALMON SMOLT STUDIES 

1) During the  spring of 1964, smolt s tudies  were ca r r ied  on i n  a 
manner comparable with previous years. A s ing le  fyke net  was f i shed  a t  the  
inilex s i t e  t o  obtain an index of abundance of outmigrating smolt. 

2) A t o t a l  of 2,061,586 smolt were estimated t o  have passed through 
the  fyke net  f i shed  on a 24-hour per  day bas i s  from May 19 through June 22 ,  
with peak outmipatioi l  occurring June 5-7, I\-pproximately 38 percent or 790, 
542 of these smolt were recorded during the  index hours 2200-0100. In  terms 
of index points ,  these are  equivalent t o  61.8 [24-hour) and 23.7 (3-hour) 
revised index po in t s  respectively. 

3) Water temperatures (recorded a t  the index site during the index 
period) had r i s en  t o  37,5O F, when the  f i r s t  subs tan t ia l  outmigrations were 
recorded. This was consistent  with pas t  years i n  which subs tan t ia l  orrtmigra- 
t ions  did  not occur u n t i l  a f t e r  t he  water temperature had reached 36'~. 

4) A s  i n  the  pas t ,  only two age c lasses  were observed i n  the  out- 
migrating smolt, Age I smolt from the  parent escapement of 2,581,000 i n  1962 
comprised 22  percent of the  outmigration, while Age I1 smolt from the  parent  
escapement of 3,706,000 i n  1961 comprised 78 percent of the  outmigration. 

5 )  Average length and weight of  the 1964 Age I smolt were 86.65 
millimeters and 5.2 grams respectively.  Average length and weight of t he  



1964 Age I1 smolt were 107-81 mi l l ine te r s  and 9.3 grams respectively,  The 
length and weight of the 1964 smolt varied s l i g h t l y  from the pas t  average 
lengths of 87.7 and 110,O millimeters and average weights of 5.6 and 10.4 
grams f o r  Age I and Age I1 slnolts respectively,  

6) To eliminate -the confusion resu l t ing  from two d i f fe ren t  def ini -  
t ions  of 3-hour and 24-how index points ,  the  previous def in i t ion  of a 24-hour 
index point ,  'viz, 

33,340 smolt = 1 index point  

was adopted and the  o r ig ina l  yearly 3-hour index values were adjusted accord- 
ingly. 

7) Analysis of pa s t  data indicates  the  following: 

a) The s i ze  of the  outmigrating smolt i s  inversely r e l a t ed  
t o  the  number of f r y  of t he  same generation competing 
within the  system, with a b e t t e r  corre la t ion being 
indicated f o r  Age ZI smolt. 

b) In t ra-specif ic  competition of smoLt of the  same generation 
appears t o  be more crr i t ica l  than the  competition between . - 
Age 1 axd A g e  iI snol t  from the szme year of outmigration. 

c) P a s t  data ind2cates tha t  within a cycle, maximum percent 
Age I1 smolt production occurs from the  brood year follow- 
ing the peal< escapements, The lxge 14.6 mil l ion escape- 
ment of 1960 produced 33 p ~ ~ c e n t  Age I1 srnolt i n  contras t  
t o  the  46 percent and 10 percent Age I1 smolt from the  
smaller pealc escapements of 1956 and 19 52 respectively.  
This has resu l ted  i n  the  re tu rn  t o  a five-year cycle f o r  
the  Kvichak. 

df Belat ively poor re la t ionships  e x i s t  between the  s i z e  or 
index of the  outmigrating smolt and the  r e l a t i v e  re tu rn  
of adu l t  salmon, 

e)  Grouping a l l  pas t  smolt production data froin t he  parent 
escapements and f i t t i n g  a curve of the  form 

t o  t h i s  data y ie lds  a posi t ive  value f o r  I=', and hence a 
non-Ricker production curve. 

E) On the  bas i s  of index smolt produced per adu l t  spawner, 
the re  i s  no indicat ion t h a t  the  1961 brood year was 
adversely affected by the large escapement of 1960 a s  the 
r e l a t i v e  srnolt production from 1961 was t h i r d  highest  
s ince 1953, 



V I . )  RECOMPIENDITIONS FOR FUTURE SNOLT PROJECTS 

1) Early season scale  samples should be sent  t o  King Salmon, o r  
preferably read a t  the  smolt s i t e  t o  determine separation range i n  length 
between Age I and Age I1 sno l t ,  This would allow concentration of sampling 
i n  the  area  of separation and avoid the  pos s ib i l i t y  of missing t h i s  range 
a l together ,  u n t i l  t he  separat ion point  i s  general ly determined, 20-30 f i s h  
should be sampled nightly i n  the  SO-110 millimeter range. 

2) Scales should be rnounted permanently between two g lass  s l i d e s  
f o r  fu ture  use i n  age and growth analysis .  This can be accomplished by 
mounting sca les  from 6-8 f i s h  oil t he  same s l i d e  and recording lengths on a 
form. 

3) Some separate length-f requency samp1.e~ should be taken during 
the daylight hours t o  s e t t l e  the  pos s ib i l i t y  of d i f f e r en t i a l  age and length 
composition of migrations during daylight and darkness hours. 

4) A length frequency sample shoulc! be taken every day the  out- 
migration i s  sampled i n  order t h a t  dai ly  age composition can be determined. 

5) Counts should be terminated on t he  hour as much as  feas ib le  
t o  simplify calcula t ing homly catches , 

6 )  Because there  i s  some ind2cation t h a t  some smolt migrate during 
the  l a t t e r  p a r t  of June and July ,  an occasional sample should be obtained, i f  
possible,  t o  dete~mine age composition of these f i sh .  
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